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The Finite-Element-Fourier (FE-Fourier) code 
package, CAS 3D (Code for the Analysis of 
the MHD Stability of 3-D Equilibria), which 
is based on a formulation of the ideal MHD 
energy principle in magnetic coordinates, pro-
vides the computational tool that is neces-
sary to study the global MHD stability of 3-
D toroidal plasma. [1, 2] The original CAS3D 
can treat only fixed boundary stability prob-
lems, i.e., on the perturbed displacement vector 
(the boundary condition, ~s ( • \l'ljJ = 0 at 
the plasma boundary, is imposed. However, re-
cently a new code version was developed, which 
can treat free boundary stability problems, i.e., 
~s = ( · \7 'ljJ =1- 0 at the plasma boundary and 
vacuum contribution to potential energy is in-
cluded. Here some test calculations are pre-
sented. 
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Fig.l radial profile of the eigenfunction of an in-
terchange mode under the fixed boundary condi-
tion. Two figures indicate poloidal and toroidal 
mode numbers. 
Figures 1 and 2 show the radial profiles of the 
eigenfunction of an interchange mode under the 
fixed boundary condition and the free bound-
ary condition, respectively, where a Mercier un-
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stable LHD-like equilibrium is used. In the 
free boundary calculation, Fourier decomposed 
eigenfunctions with the rational surfaces near 
the plasma boundary have the extended radial 
profiles, ex (m, n) = (8, -5), (7, -5) tnodes. 
The corresponding normalized eigenvalues are 
f22 = -2.1469 X 10-3 in the fixed boundary 
calculation and f22 = -2.4176 X 10-3 in the 
free boundary calculation. The eigenvalue un-
der the free boundary condition is larger than 
one under the fixed boundary condition due to 
the surface contribution. 
In the case of ballooning modes for the same 
equilibrium, the difference of the result is small 
between fixed and free boundary condition. 
The eigenvalue is f22 = -3.9331 X 10-3 (02 = 
-3.9723 x 10-3 ) for fixed (free) boundary con-
dition. The dominat toroidal mode number is 
higher than one of interchange, so that each 
Fourier decomposed eignfunction has more lo-
calized structure in the radial direction, leading 
to the weak influence of plasma boundary mo-
tion on it. 
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Fig.2 radial profile of the eigenfunction of an in-
terchange mode under the free boundary condition. 
Two figures indicate poloidal and toroidal mode 
numbers. 
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